Synthesis details Materials
For the preparation of the blocking TiO 2 layer titanium diisopropoxide bis(acetylacetonate) (Sigma-Aldrich, 75 wt.% in isopropanol) and 1-butanol (Sigma-Aldrich, 99.8%) were used. For the mesoporous TiO 2 layer, a homemade TiO 2 paste and titanium-tetrachloride (TiCl 4 -Alfa Aesar, 99.6%) were used. In the preparation of the MAPbI 3 layers, lead (II) iodide (PbI 2 -Sigma-Aldrich, Ultradry, beads, −10 mesh, 99.999%), methylammonium-iodide (MAIDyesol), dimethylsulfoxide (DMSO -Sigma-Aldrich, anhydrous, ≥99.9%), n,n-dimethyl formamide (DMF -Sigma-Aldrich, anhydrous, 99.8%), and diethyl-ether (DEE -Sigma-Aldrich, for HPLC, ≥99.9%, inhibitor-free) were used. The preparation of bis-EDOT was carried out by Ullmann coupling, utilizing lithiated EDOT and copper(II)-chloride.
1 For the synthesis 3,4-ethylenedioxythiophene (EDOT -Sigma Aldrich, 97%), tetrahydrofurane (THF -VWR, 99.7%), n-buthyl-lithium (n-BuLi -Alfa Aesar 2.5 M in hexane), copper(II)-chloride (CuCl 2 -Sigma Aldrich, 99%) were used.
During the electrochemical experiments, dichloromethane (DCM -Sigma Aldrich, anhydrous, ≥99.8%, contains 40-150 ppm amylene as stabilizer, dried over 3A molecular sieves) was used as the solvent. The conducting electrolyte was ammoniumhexafluorophosphate (Bu4NPF6 -Sigma Aldrich, for electrochemical analysis, ≥99.0%). This was dried in a vacuum oven at 180 °C for 6 hours, prior to use. The water content of the solutions was monitored by Karl Fischer titration, and kept below 10 ppm.
Electrode/Solar cell preparation
FTO substrates were washed with soap, rinsed with DI water, sonicated in ethanol for 20 minutes and finally plasma cleaned prior to use. First, a TiO 2 blocking layer was spin-coated onto the FTO slides from a 0.15 M titanium diisopropoxide bis(acetylacetonate) solution in 1-butanol. After spin-coating, the layer was immediately subjected to a heat treatment for 5 minutes at 125°C under glovebox conditions (N 2 atmosphere, H 2 O< 0.1 ppm, O 2 < 0.1 ppm).
Then a mesoporous TiO 2 layer was spin-coated from an ethanol-based suspension (c=0.12 g cm -3 ). Then the mesoporous layers were calcined for 1 hour at 550 °C in air. After that the FTO/bl-TiO 2 /mp-TiO 2 samples were subjected to a TiCl 4 treatment, by immersing them into aqueous solution of 20 mM TiCl 4 for 10 minutes, at T=90 °C. Finally, this was followed by a calcination step at 500 °C for 30 minutes in air. were formed, from a 1.4 M PbI 2 , MAI, and DMSO containing solution. Prior to spin coating, all solutions were left to stir for 1 h at room temperature and were filtered with an inorganic membrane filter (0.2 µm pore size, G8549141, Whatman). During spin-coating the samples were subjected to an antisolvent treatment step with diethyl-ether (Sigma-Aldrich, for HPLC, ≥99.9%, inhibitor-free). Subsequently, the samples were transferred to a hot-plate preheated to 65 °C for 1 min to ensure evaporation of the antisolvent. Finally, an annealing step was performed at T=100 °C for 2 min.
Spin-coating protocols
bl-TiO 2 -a 3 step dynamic coating procedure on a 5 cm x 5 cm substrate: (1) at 700 rpm for 8 s, (2) at 1000 rpm for 10 s and (3) 2000 rpm for 40 s (acceleration 1000 rpm). 0.5 cm-3 of bl-TiO 2 solution was used.
mp-TiO 2 -a 1 step static coating procedure on a 5 cm x 5 cm substrate: (1) at 2000 rpm for 20 s (acceleration 1000 rpm). 1.0 cm-3 of mp-TiO 2 suspension was used.
MAPbI 3 -a 1 step static coating procedure on a 2.5 cm x 2.5 cm substrate: (1) at 4000 rpm for 25 s (acceleration 1200 rpm). 50 µl of perovskite solution was used. 0.5 ml diethyl ether was dispensed on the spinning substrate in a continuous motion in less than 4 s during the early stage (6 s elapsed time) of the film formation.
PEDOT electrodeposition
The electropolymerization was carried out in a 0.01 M bis-EDOT and 0.1 M Bu 4 NPF 6 containing DCM solution, with a Gamry potentiostat in a standard three-electrode setup.
The FTO/TiO 2 /perovskite electrodes functioned as the working electrode, a Pt mesh (4 cm Separate electrodes were used for the anodic and cathodic scans. , and B: Q pol = 10 mC cm -2 . In both cases the electrodeposition was immediately followed by a reduction step at E = -0.6 V for t = 60 s. illumination with a 50 mV s -1 sweep rate.
Calculation of average lifetime
To calculate the average lifetime two methods can be used. Both methods use the parameters obtained from the biexponential fits of the kinetic traces (A i stands for the amplitude and τ i stands for the exponent). The exact formula to calculate these, are described by Equation 1-2.
The standard deviation values in Table 1 . were obtained from three independent measurements. 
